A facile method was used to synthesize cellulose/SnS 2 composites (CE/SnS 2 ) by a microwave-assisted ionic liquid (MAIL) method. The effects of ionic liquid types on the structure and properties of SnS 2 samples were investigated. Results showed that the ionic liquid played an important role in the control over the morphology, size and photocatalytic performance of the SnS 2 particles. The as-synthesized CE/SnS 2 composites were systematically investigated by XRD, SEM, TEM, BET, XPS, UV-visible and PL. It was demonstrated that the obtained CE/SnS 2 composites showed three-dimensional architecture and excellent visible-light photocatalytic activity as photocatalyst for RhB degradation. The superior visiblelight photocatalytic performances for composites were ascribed to their composite structure and the synergistic effects between flower-like SnS 2 and cellulose.
Introduction
In the past decades, semiconductor nanomaterials have gained much attention due to their potential applications in solar energy conversion and environmental purication.
1-4 Among them, tin disulde (SnS 2 ), which has a layered CdI 2 -type structure with tin atoms sandwiched between two layers of sulfur atoms, 5 has attracted particular interest in recent years. Compared with the TiO 2 (3.2 eV), SnS 2 has a narrower band gap of $2.2 eV, implying more sensitive to visible light. Moreover, it is inexpensive, non-poisonous, and chemically stable, therefore it has proved to be a promising candidate as a photocatalyst for pollutant degradation. [6] [7] [8] It is known that the performance of the nanostructured materials are closely relative to its crystallinity, morphology, size, crystal defect and surface property, which ultimately depend on the preparation methods and preparation conditions. Thus tremendous efforts have been dedicated to the novel methods for the synthesis of high quality nanoparticles with controlled sizes and shapes. [9] [10] [11] [12] To date, a variety of methods have been adopted for the synthesis of well dened SnS 2 nanostructures with different morphologies including solvothermal process, hydrothermal process, mechanochemical route, solid state reactions, pyrolysis of organotin precursor, and tetrabutyltin precursor. [13] [14] [15] [16] [17] However, many of them involved harsh reaction conditions such as high temperature, high pressure or complex preparation procedures. Therefore, it remains a big challenge to develop a simple and facile synthesis which requires only mild reaction conditions under normal atmospheric pressure and room temperature. Most importantly, they can be completely synthesized in a short period of time.
Microwave-assisted ionic liquid (MAIL) method is a novel green chemosynthesis which combines the advantages of microwave (MW) irradiation and room temperature ionic liquids. The particularity of microwave irradiation makes it an effective and attractive method for synthesis of nanomaterials with controllable size and shape. 18 Compared with conventional heating, it has a more homogeneous heating process and shorter reaction time, generating smaller and more uniform particles.
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Many novel nanomaterials with higher photocatalytic activities were prepared by this simple method. [20] [21] [22] On the other hand, ionic liquids (ILs) are drawing increasing attention for the synthesis of inorganic materials owing to their appealing physicochemical properties. 23, 24 Synthesis of photocatalysts in the ILs medium is an exciting and burgeoning area of intense research and has been widely studied recently. It has been reported that the use of ILs as the reaction medium for the synthesis of both pure and modied TiO 2 photocatalysts can have a profound effect on the activity, crystallinity and morphology. [25] [26] [27] Research also showed that ILs played an important role to control the size and morphology of the nanomaterials. 28, 29 Additionally, ILs can absorb microwave energy efficiently due to their high polarity. Thus, the combination of ILs and MW irradiation makes MAIL method a useful and rapid way for nanomaterials synthesis with well-dened shapes.
In addition, it is of particular interest to immobilize nanoparticles on supporting materials for the improvement of photocatalytic efficiency, because the composite could observably reduce the recombination and enhance the separation rate of photogenerated charge carriers 31 and own a larger specic surface area, which can benet the absorption and transportation for pollutant molecules and facilitate the rapid diffusion during the reaction. Of various supports, cellulose can be a suitable binder for immobilization and stabilization of semiconductor nanoparticles due to the signicant advantages of cost effectiveness, abundant resources, easier accessibility and possession of a lot of surface hydroxyl groups.
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Herein, we report a facile one-pot method, MAIL, for the synthesis of cellulose/SnS 2 composite by taking advantage of the dissolution of cellulose in an ionic liquid, and thereby obtaining a uniform SnS 2 coating onto cellulose. The effect of different types of ILs on the phase structure and microstructure of SnS 2 were discussed and the photocatalytic activities of the composite were evaluated by degrading rhodamine B (RhB) under visible light. 4 MIM]AcO respectively) were purchased from Shanghai Chengjie Chemical Co., Ltd, China, and their general structures are shown in Scheme 1. All other reagents used in this research were of analytical grade and utilized as-received without further purication. For reference, the structure of RhB is shown in Scheme 2.
Experimental

Materials
Preparation CE/SnS 2 composite via microwave-assisted IL method
In a typical procedure, 0.7 g CE was dissolved in 15 g IL(4) to form a transparent solution, and then 3 mmol SnCl 4 $5H 2 O and 6 mmol thioacetamide were ultrasound dissolved in this CE/IL mixture. Then the mixture was sealed in a specialized glass tube under microwave irradiation at 120 C for 120 min (pressure: $2 bar) in a single mode microwave reactor (Nova, EU Microwave Chemistry). The as-formed precipitates were collected by centrifuging, copious washing with ethanol and drying.
To investigate the effect of ILs on the structure of SnS 2 , the pristine SnS 2 material was prepared by a similar procedure except for the dissolution of cellulose, the corresponding products were labelled as IL1-IL5, respectively. For comparison, this experiment was also done by using glycol instead of ILs as medium, and was labelled as NIL.
Materials characterization
The crystalline phases of SnS 2 and CE/SnS 2 composites were evaluated by X-ray diffraction (XRD, MinFlex600, Cu K, l ¼ 0.15418 nm). Fourier transform infrared (FTIR) spectroscopy was performed using a Nicolet iS10 FT-IR spectrometer by KBr disk. Thermal stability of samples was examined on a thermogravimetric analyzer (NETZSCH STA449C, Germany) in N 2 atmosphere. The morphologies and microstructures of the prepared samples were analysed by eld-emission scanning electron microscopy (FE-SEM, Nova NanoSEM 230) equipped with an energy-dispersive X-ray spectroscopy (EDX) system, and transmission electron microscopy (TEM TECNAI G2F20). The surface compositions of the catalyst were evaluated by X-ray photoelectron spectra (XPS, Thermo Scientic ESCALAB 250). N 2 adsorption-desorption isotherms were obtained at À196 C on a Micromeritics ASAP 2020 Sorptometer using static adsorption procedures, and the BET surface areas and pore size distributions were calculated by using N 2 adsorption-desorption isotherms. UV-vis diffuse reectance spectroscopy (DRS) was recorded on a Carry 500-Scan spectrophotometer. The photoluminescence (PL) spectra were recorded at room temperature using a FL/FS 900 spectrophotometer equipped with a 300 W xenon lamp as the excitation source.
Photoelectrochemical measurements and photocatalytic test
Photocurrents were measured with an electrochemical analyzer (CHI650E) in a standard three-electrode system using the prepared samples as the working electrodes with an active area of ca. 0.5 cm 2 , a Pt wire as the counter electrode, and Ag/AgCl (saturated KCl) as a reference electrode. A 300 W xenon arc lamp through a UV-cutoff lter (#420 nm) served as a visiblelight source, and 0.5 M Na 2 SO 4 solution was used as the electrolyte. Photocatalytic activity of the samples was evaluated by the photocatalytic degradation of rhodamine B (RhB, 20 mg L À1 ) in an aqueous solution under visible-light irradiation. The photocatalytic system included a 300 W Xe arc lamp with a UV-cut off lter (l > 420 nm), circulation of water through an external cooling coil and a ventilating fan, which were used to prevent any thermal catalytic effects. All experiments were conducted at room temperature in air. In a typical photocatalytic experiment, 0.03 g photocatalyst was added into 100 ml pollutant solution in a reaction cell with a Pyrex jacket. Prior to irradiation, the suspension was magnetically stirred in the dark for 1 h to reach an adsorption-desorption equilibrium of the pollutant on the catalyst surface. Then these suspensions were exposed to visible-light irradiation under magnetic stirring. At given time intervals, about 5 ml suspensions were collected and centrifuged (13 000 rpm, 15 min) to remove the photocatalyst particles. The pollutant concentration of the obtained solution was analyzed by a UV-VIS spectrophotometer (Hitachi, U-3310) by checking the absorbance at 553 nm.
3 Results and discussion
Effect of ionic liquids on structures and properties of SnS 2 samples
In order to perform the effect of different kinds of ionic liquid on the structures and properties of SnS 2 under microwave radiation, pristine SnS 2 samples were prepared via MAIL method using IL(1)-IL (5) as medium without cellulose addition. Fig. 1 shows the XRD patterns of the different samples prepared in IL (1) (001), (100), (011), (110) planes of pure hexagonal SnS 2 and they are also in good agreement with the standard card (PDF#89-2028). No trace of impurity peaks could be detected in these samples, indicating the phase purity of the products. While IL5 shows amorphous structure, which may be ascribed to the effect of anion in IL(5). The above results indicate that the completely crystalline and pure-phase SnS 2 nanoparticles could be obtained by this facile MAIL route using IL(1)-IL(4). Moreover, the intensity of the characteristic diffraction peaks of IL1-IL4 increased in comparison with NIL (sample prepared in glycol). Ionic liquid also have great inuence on the morphology of as-prepared SnS 2 samples. The morphologies of all samples were characterized by FE-SEM images, as shown in Fig. 2 . When only microwave technique was used (without any IL), a large quantity of nanosheet morphology is observed (Fig. 2a) . Depending on the IL used, different shapes are obtained. The SEM image of IL1 clearly shows carnation ower-like architectures assembled from 2D nanopetals building blocks with thicknesses of 150-200 nm. In IL2 micro-sized spherical-like particles is observed where each sphere is around 2-4 mm in diameter. The SEM images of IL3 and IL4 show 3D owerlike microspheres with different sizes of diameter (2-3 mm for IL3 and 4-6 mm for IL4) that are composed of hundreds of nanosheets with thicknesses of 30-50 nm ( Fig. 2d and e) . Just like a Red Embroidery Ball. The 2D nanosheets interweave together to form an open porous structure. While the morphology of IL5 presents uniform and reunited nanoparticles with diameter of 100-200 nm. These results reveal that the ILs can play an important role in controlling the growth of SnS 2 crystals and formation of uniform morphology. Moreover, the length of alkyl side chain in the cation has no effect on morphology of SnS 2 but affect the particle size, while the types of anions in imidazolium ILs have great inuence on morphology and shape.
TEM images were performed to further investigate the structure of the as-synthesized SnS 2 in different ILs. When no ILs used, it is clear that the irregular nanosheets is made up of numerous uniformly sized nanoparticles (Fig. 3a) . While the TEM images of SnS 2 presented in Fig. 3b-f reveal that the 3D micro/nano structures prepared by using ILs are assembled by 2D nanosheets. The TEM results showed in Fig. 3b-f exhibit that the products are ower-like, spherical-like, irregular nanosheets and nanoparticles structures, respectively, similar to the SEM results (Fig. 2b-f) .
The specic surface areas and pore sizes of SnS 2 samples were determined by nitrogen adsorption-desorption isotherms according to Brunauer-Emmett-Teller (BET). As observed in Fig. 4 , the isotherms of all the as-synthesized SnS 2 are type IV isotherm with a hysteresis loop according to IUPAC classica-tion, which indicates the presence of mesopores in the products. 33 The specic surface areas of all samples, calculated by the multi-point Brunauer-Emmett-Teller (BET) method, are listed in Table 1 . It is observed that the surface area increases IL2 < NIL < IL1 < IL4 < IL3 < IL5.
The optical property of all SnS 2 samples were investigated with UV-vis diffuse reectance spectrometer (DRS) as shown in , from which we see that the IL1-4 exhibit much higher light absorption intensity than NIL and IL5, which may be ascribe to the higher crystalline of IL1-IL4. The optical band gap energy can be calculated by the following formula:
where a, h, n, E g and A represent the absorption coefficient, Planck constant, the light frequency, the band gap, and a constant, respectively. Therefore, the band gap energies of these samples can be estimated from plot (ahn) 2 versus photon energy (hn). The intercept of the tangent to the X axis could provide a good approximation of the band gap energy. As shown in Fig. 5b , the derived band gaps are estimated to be 1.76 eV, 1.89 eV, 1.78 eV, 1.80 eV, 3.15 eV and 2.06 eV for IL1-5 and NIL, respectively. It is clearly seen that IL1, IL3 and IL4 has the smaller band gap in comparison with other samples, and IL5 has the largest value. Combined with the SEM images, we nd that ower-like samples (IL1, IL3 and IL4) display strong absorption in the visible light region mainly due to its perfect light-trapping structure, which may lead to an increase in the generation of electron-hole pairs and then enhances the photocatalytic activity of the SnS 2 samples.
34-36
The above results conrm that the size, morphology and structure of the nanomaterials can inuence the optical properties greatly, thus offer an effective way of tuning the band gap.
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To examine the photocatalytic activities of the all SnS 2 samples, the degradation of aqueous solutions of RhB (20 mg L
À1
) under visible light (l > 420 nm) irradiation were performed. A blank test (RhB without any catalyst) exhibits no degradation under visible light irradiation, which indicates the photolysis of RhB could be ignored. It can be seen from the curves of RhB absorption rates (Fig. 6 ) that the adsorption-desorption Based on the above results, it is found that although the synthetic conditions are identical for samples prepared in different ILs, SnS 2 nano/micro particles show different crystalline, structures, morphologies, size and performance. It can be concluded that the ionic liquid plays an important role in the control over the morphology and size of the product, the reason may be ascribe to different mechanisms, including hydrogen bonds, p-p stack interactions, self-assembly mechanism, electrostatic attraction, and so on. 38, 39 Meanwhile, it's also presented that the SnS 2 samples prepared in imidazole chloride salts, IL(3) and IL(4), exhibit higher photocatalytic performance than other samples.
In the following parts, IL(4), as an efficient solvent for cellulose, was selected as the reaction medium due to the good performance of SnS 2 prepared in it; we will discuss the effects of cellulose support on the structures, morphologies and photocatalytic properties of nal products using IL(4) as reaction medium under microwave irradiation.
3.2 CE/SnS 2 composites synthesis and characterization 3.2.1 Characterization. By using CE as a supporting matrix, CE/SnS 2 was prepared via MAIL methods. The IL(4) (BMIMCl) was used as the reaction medium. XRD pattern of the assynthesized product in Fig. 7 The chemical structure of as-synthesized CE/SnS 2 composite has been examined using FT-IR spectra, as shown in Fig. 8 . It can be seen that the FTIR spectrum of CE/SnS 2 composite is similar with CE and contains all the characteristic absorption of CE. However, the bands centered at around 3400 cm À1 , correspond to -OH vibration in CE/SnS 2 composite, weakened or shied due to the interaction between CE and SnS 2 . In addition, the weak peak corresponds to Sn-S bond that would be appeared at about 630 cm À1 is hard to observe due to overlapping with other peaks. Thermal gravimetric analysis (TGA) was use to reveal the degradation proles of as-synthesized products. As shown in to the CE composition and phase transformation from SnS 2 to SnO 2 (the substitution of S by O atoms), which can be calculated from line a and line c, respectively. Thus, the weight fraction of the CE supporter is determined to be $20%.
The general morphology of CE/SnS 2 composites is shown in Fig. 10 . The composites display a 3D ower-like structure composed of 2D SnS 2 nanoplates which are tightly anchored on the surface of CE. Without using CE in the synthetic process, the pristine SnS 2 materials prepared in IL (4) (Fig. 2e ) exhibit a characteristic of 3D Red-Embroidery-Ball-like structure with thicker nanosheets than that of the CE/SnS 2 composites, implying that the crystal growth and self-assembly process of SnS 2 materials was hindered by the presence of CE.
Also, the scanning transmission electron microscopy (STEM) images of the composite (Fig. 10 ) and the corresponding elemental mapping images show matched spatial distribution of S, Sn and C, indicating that the SnS 2 particles are generated on the surface of CE, in accordance with the SEM observation.
Moreover, energy dispersive X-ray spectroscopy (EDS) analysis (shown in Fig. 11) indicates that the Sn/S molar ratio is approximately 1 : 2, further conrming the formation of SnS 2 on the CE surface.
Further insight into the morphology and microstructure of SnS 2 nanoparticles loaded on CE is displayed in the TEM image in Fig. 12a . It is clear that the as-synthesized composites are built by the intertwining of single crystalline nanosheets. The relatively light regions are thin sheets lying along the substrate, while the dark regions mean that nanosheets arrange perpendicular to the substrate or convolute during the reaction process. The HRTEM image in Fig. 12b exhibits parallel fringes with a spacing of 0.52 nm, in good agreement with the interlayer spacing of SnS 2 .
The surface composition of the CE/SnS 2 composite was analyzed by XPS as shown in Fig. 13 . The binding energy values obtained in the XPS analysis were standardized by referencing the C 1s peak to 284.60 eV. Fig. 13a is a typical XPS survey spectrum of different atoms, which shows that the CE/SnS 2 composite is composed of Sn, S and C. The C element is ascribed to the cellulose support. Fig. 13b shows the high-resolution XPS spectrum of the Sn 3d. The two strong peaks at around 486.5 and 495.0 eV are assigned to Sn 3d 3/2 and 3d 5/2 , 40 respectively, which is characteristic of Sn 4+ in SnS 2 . The XPS spectrum of S 2p is shown in Fig. 13c . The main peak located at 161.7 and shoulder peak at 162.8 eV can be attributed to S 2p 3/2 and S 2p 1/2 , respectively, which is in agreement with the reported data.
41,42
The atomic ratio of Sn/S calculated by the integral area of Sn 3d to S 2p is about 1 : 1.92, which is close to stoichiometric ratio Fig. 9 TGA of CE, CE/SnS 2 composite and pristine SnS 2 . Fig. 10 The morphology of CE/SnS 2 composites. of pure SnS 2 , and it is also consistent with the result of EDS shown in Fig. 11 .
The results of BET analysis of CE/SnS 2 composite with the nitrogen adsorption-desorption isotherm are shown in Fig. 14 . The well-dened steps of the isotherm illustrate the mesoporous structure of CE/SnS 2 composite. The BET surface area of CE/SnS 2 composite was measured to be 23.1462 m 2 g À1 , which
is larger than the value of pristine SnS 2 nanoowers (14.4730 m 2 g À1 , shown in Table 1 ). Both pristine SnS 2 and CE/SnS 2 composite exhibit a multi-modal mesoporous nature (BJH analysis, the inset of Fig. 14) . The small pores presumably arise from the nanopetals, whereas the large pores may be attributed to the inter-nanopetals spaces. Compared with the pristine SnS 2 , the enhanced specic surface area of the composite can enlarge the inner space for absorption or desorption of degradation pollutant, which enhance greatly photocatalytic efficiency of the composite. 3.2.2 Effect of synthesis conditions. Inuence of preparation conditions on the formation of CE/SnS 2 composite was investigated by a series of comparative experiments carried out by varying the experimental parameters, such as microwave irradiation time and reaction temperature. Considering the easy thermal degradation of CE at high temperature, the microwave irradiation temperature did not exceed 120 C. As shown in Fig. 15a , the 40 min and 80 C is not sufficient for effective SnS 2 nucleation and crystal growth, no peaks corresponding to the existence of SnS 2 are detected. Under this condition nothing is observed on the surface of CE (Fig. 13b) .
Increasing of irradiation temperature promotes SnS 2 particles formation ($100 C), which can be veried by the detection of 2D nanosheets on the CE surface (Fig. 15b) and the presence of XRD peaks assigned to crystalline SnS 2 (Fig. 15a) . Well-developed ower-like SnS 2 nanosheets is obtained at 120 C when reaction time was $80 min (Fig. 15b) .
However, when the irradiation temperature is set at 140 C, the peak assigned to CE at 2q ¼ 21.32 became weaker (Fig. 15a) , showing decomposition of CE occurred at 140 C.
Therefore, the reaction temperature of 100-120 C and reaction time no less than 80 min would be suitable for the synthesis of CE/SnS 2 . 
Photocatalytic performance of the CE/SnS 2 composite
The photocatalytic degradation of rhodamine B (RhB) under visible light irradiation was used to evaluate the photocatalytic performances of CE/SnS 2 composite. As a comparison, pristine SnS 2 or CE was also tested under identical conditions. The blank test shows that RhB cannot be degraded under visible light irradiation without catalysts, indicating that the RhB are stable molecules and the photolysis can be ignored. It can be seen from the Fig. 15 that the adsorption-desorption equilibrium of RhB on the catalyst or cellulose surfaces have been almost achieved in 60 min before visible-light irradiation. The inuence of pollutant adsorption on the photocatalysts can be largely neglected in the photocatalytic process by using the pollutant concentration aer the adsorption-desorption equilibrium as the original concentration (C 0 ) for the degradation rates measurements.
As shown in Fig. 16 , almost no RhB degradation is observed in the presence of CE. In comparison, both of adsorptive ratios and degradation rates are remarkably enhanced when pristine SnS 2 and CE/SnS 2 are used as the photocatalysts. The degradation rate of RhB is 66.2% aer 300 min irradiation, while this value reached almost 100% for the CE/SnS 2 composite aer 150 min. The results indicate clearly that the introduction of CE can enhance the photocatalytic performance of SnS 2 .
To nd out the reason for enhanced visible light photocatalytic activity of CE/SnS 2 composite, the UV-vis DRS was used to determine the band gap energy of the synthesized samples (Fig. 17) . Compared to pristine SnS 2 , CE/SnS 2 composite shows an increased optical absorbance in both UV and visible range. The composite can allow multiple scattering of UV-vis light, suggesting that the optical path length for light transporting through those CE/SnS 2 composite structures might be longer than that for pristine SnS 2 . The longer optical path length can increase the quantity of photogenerated electrons and holes available to participate in the photocatalytic decomposition of the contaminants. The band gap of pristine SnS 2 was evaluated to be 1.80 eV, whereas the band-gap of CE/SnS 2 composite was reduced to 1.69 eV, which could be attributed to the chemical bonding between SnS 2 and the specic sites of CE. The narrower band gap of CE/SnS 2 composite indicates the enhanced ability to absorb visible light, which is benecial to the photocatalytic performance.
The migration, transfer and recombination processes of photo-generated electron-hole pairs in CE/SnS 2 composite was investigated via photoluminescence (PL) technique. As shown in Fig. 18 , pristine SnS 2 has a strong, wide peak in the PL spectrum excited at 365 nm, while the PL peak of the CE/SnS 2 composite decreases remarkably, which indicates that the recombination of electrons and holes is hindered greatly. Photocurrents were measured for pristine SnS 2 and CE/SnS 2 composite to investigate the transmission of photogenerated carriers (Fig. 19) . Under visible light irradiation, the photocurrents of CE/SnS 2 composite are much higher than that of pristine SnS 2 , indicating the enhanced separation and transition of electrons and holes. Moreover, it is generally accepted that the catalytic process is related to the adsorption of reactant molecules on the surface of catalyst. 43, 44 The larger specic surface area of composite can result in a more unsaturated surface coordination sites exposed to the solution and enlarge the absorption of reactant molecules, thus enhancing the photocatalytic efficiency. Additionally, the high surface-tovolume ratios of the CE/SnS 2 composite are in favor of the transfer of electrons and holes 45, 46 and facilitate the degradation of pollution molecules.
Stability of the CE/SnS 2 composite
The stability and reusability of photocatalysts is another important issue for their practical applications. Therefore, the circulating runs in the photocatalytic degradation of RhB in the presence of SnS 2 under visible-light were checked. In this work, SnS 2 was recycled for four times in the same photocatalytic reactions. Aer each reuse cycle which lasted for 3 h, the composite was separated from the aqueous suspension by ltration, washed with deionized water and ethanol, dried, and weighed for the next reuse cycle. Taking into account the mass loss of composite during each reuse cycle, the former reuse cycle must be conducted twice in order to accumulate enough samples for the latter reuse cycle. Fig. 20 shows the photocatalytic performance of CE/SnS 2 composite in the rst four reuse cycles. Obviously, the photocatalytic activities of CE/SnS 2 composite deteriorated gradually with the increase in the number of reuse cycles. Nevertheless, even in the fourth reuse cycle of CE/SnS 2 , the degradation ratio of RhB can still reach 87.6% upon visible light irradiation for 180 min.
Conclusions
In summary, a novel CE/SnS 2 composite was successfully synthesized by a one-step microwave-assisted ionic liquid method using SnCl 4 $5H 2 O, thioacetamide and CE as starting materials. The proposed method has the advantages of fast and simple process. The morphology variations of the assynthesized SnS 2 were achieved by simply varying the types of ILs in the system. The obtained CE/SnS 2 composite exhibits higher photocatalytic activity than that of pristine SnS 2 on the degradation of RhB under visible light irradiation. The enhanced photocatalytic activities of CE/SnS 2 composite can be ascribed to their increase optical absorbance in the available light energy region, higher BET surface area and efficient rate of separation and transporting of the photogenerated electrons and holes in the CE/SnS 2 composite. The resulting high visible light-driven photocatalytic activity and good stability of CE/SnS 2 composite are very promising photocatalysts for degrading organic pollutants and the present method may open up the opportunity to design and synthesize other novel semiconductor materials with special properties.
